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INK JET PRINT HEAD CLEANING SYSTEM 

BACKGROUND OF THE INVENTION 
[01] Embodiments of the present invention generally relate to a print head for an ink 

jet printer, and particularly to an ink jet printer having a system for removing ink deposits 

and residue from a ground plate and catcher. 

[02] Conventional continuous ink jet printers supply electrically conductive ink under 
pressure to a drop generator, which has an orifice or orifices (nozzles) that are typically 
arranged in a linear array. The ink discharges from each orifice in the form of a filament, 
which subsequently breaks up into a droplet stream. Individual droplets in the stream are 
selectively charged in the region of the break off from the filament, and these charged 
drops are then deflected as desired by an electrostatic field. The deflected drops may 
proceed to a substrate, whereas undeflected drops are caught in a gutter or catcher and 
recirculated. 

[03] After the printer is shut down for a period of time, ink within the print head dries 
up, often partially blocking, and sometimes completely clogging, the outer openings to 
the orifices catcher, and other components therein. Furthermore, during a long shut down 
period, such as an entire day or weekend, the dried ink accumulates within the orifice or 
passages attached to the orifice, depending on the type of ink. 

[04] Known designs, such as those disclosed by United States Patent Nos. 6,575,556, 
5,877,788 and 4,528,996, are used to cleanse the orifices of the print heads. Additionally, 
a continuous ink jet printer having a print head that closes off the orifice to stop seepage 
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of ink therethrough during periods when printing does not occur is disclosed in United 
States Patent No. 5,598,197. 

[05] Typically, print head cleaning systems and methods are limited to the nozzle, or 
drop generator. However, ink deposits and residue also accumulate around the catcher 
and ground plate. Ink droplets often settle on and within the catcher. As ink deposits and 
residue accumulate on these components, printing quality suffers due to the clogging of 
the components and conduits therebetween, or due to interference between built-up 
residue and ink droplets. That is, the recycling rate of ink and other fluids through these 
components decreases as the accumulation of deposits and residue increases. Often, the 
ink jet printer is completely shut down in order for an operator to manually clean these 
components, thereby precluding use of the printer. 

[06] Thus, a need exists for a system and method of cleaning various components of a 
print head of an ink jet printer. Overall, a need exists for an efficient system and method 
of cleaning a print head of an ink jet printer. 
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SUMMARY OF THE INVENTION 
[07] Embodiments of the present invention provide a self-cleaning print head for an 

ink jet printer that directs ink to a substrate to be marked. The print head includes a drop 

generator for providing a droplet stream toward a substrate during a printing cycle, a 

charge electrode for selectively charging ink droplets in the droplet stream during the 

printing cycle, and a deflection plate and a ground plate having a channel formed therein. 

An electrostatic field is formed between the deflection plate and the ground plate to 

deflect charged droplets of ink toward the substrate during the printing cycle. 

[08] The print head also includes a catcher for receiving uncharged droplets of ink 
during the printing cycle, and a makeup fluid supply system that supplies makeup fluid 
directly to the ground plate through a makeup supply conduit during a cleaning cycle. As 
ink circulates in the system, the ink thickens due to normal evaporation. In order to 
compensate for the evaporation and maintain a suitable ink viscosity, makeup fluid is 
added to the ink by an ink control system. The makeup fluid is able to remove ink 
residue from the channel as the makeup fluid flows through the channel. The catcher 
receives the makeup fluid that flows through the channel during the cleaning cycle. That 
is, the makeup fluid is suctioned from the channel into the catcher. Further, embodiments 
of the present invention may include a system that deposits small amounts of makeup 
fluid around the mouth of the catcher, in order to clean that area and remove residue 
therefrom. 
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[09] A makeup return system is operatively connected to the catcher through a makeup 
return conduit. The makeup fluid flows through the makeup return conduit to the 
makeup return system. The print head may also include a generator supply conduit, 
wherein the makeup fluid is directly supplied to the drop generator through the generator 
supply conduit, and wherein the makeup fluid is directly supplied to the ground plate 
through the makeup supply conduit. The makeup fluid may be supplied to the drop 
generator through a separate makeup fluid supply system. 

[10] Embodiments of the present invention also provide a method of automatically 
cleaning a print head of an ink jet printer. The method includes directly supplying 
makeup fluid to a ground plate in order to remove ink droplet residue from the ground 
plate, and suctioning the makeup fluid from the ground plate to a catcher, wherein the 
makeup fluid removes ink droplet residue from the catcher and around the mouth of the 
catcher. 
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BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS 
[11] Figure 1 illustrates a top view of a print head according to an embodiment of the 
present invention. 

[12] Figure 2 illustrates a side view of a print head according to an embodiment of the 
present invention. 

[13] Figure 3 illustrates a simplified top view of a print head according to an 
embodiment of the present invention. 

[14] Figure 4 illustrates a transverse cross-sectional view of a catcher and ground plate 
along line 4-4 of Figure 3 according to an embodiment of the present invention. 

[15] Figure 5 illustrates an edge view of a ground plate according to an alternative 
embodiment. 

[16] Figure 6 illustrates a schematic representation of a print head cleaning system for 
an ink jet printer according to an embodiment of the present invention. 

[17] Figure 7 illustrates a schematic representation of a solvent circulation system 
according to an embodiment of the present invention. 

[18] The foregoing summary, as well as the following detailed description of certain 
embodiments of the present invention, will be better understood when read in conjunction 
with the appended drawings. For the purpose of illustrating the invention, there is shown 
in the drawings, certain embodiments. It should be understood, however, that the present 
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invention is not limited to the arrangements and instrumentalities shown in the attached 
drawings. 

DETAILED DESCRIPTION OF THE INVENTION 
[19] Figures 1 and 2 illustrate a print head 10 according to an embodiment of the 

present invention. The print head 10 includes a drop generator 12, a charge electrode 14, 

a ground plate 16, a high voltage deflection plate 18, and a catcher 20. The charge 

electrode 14, the ground plate 16, the high voltage deflection plate 18, and the catcher 20 

are positioned between the drop generator 12 and a substrate (not shown), which is 

remotely located from the print head window 22. During printing, the drop generator 12 

receives ink (not shown) from a main conduit (not shown) as shown and described in 

United States Patent No. 6,575,556, entitled "Self-Cleaning Print Head for Ink Jet 

Printer," which is hereby incorporated by reference in its entirety. A piezoelectric 

cylinder (not shown) is bonded around the main conduit in order to impart vibrational 

energy of a selected frequency to the ink received by the drop generator 12. A droplet 

stream is thus created and selectively charged by the charge electrode 14. An 

electrostatic field formed between the deflection plate 18 and the ground plate 16 deflects 

the charged drops of ink over the catcher 20 and onto the substrate. Uncharged drops that 

pass between the deflection plate 18 and ground plate 16 are not deflected and pass 

directly into the catcher 20, which is vacuum assisted to recirculate the ink back into an 

ink reservoir (not shown). 

[20] Figure 3 illustrates a simplified top view of the print head 10. As shown in Figure 

3, a channel 24 is formed in the ground plate 16. The channel 24 is generally formed 
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through a central portion of the ground plate 16 and extends from an end 26 proximate 
the charge electrode 14 to an edge 28 proximate the catcher 20. The depth and width of 
the channel 24 may be greater at the end 26 than at the edge 28. That is, the depth and 
width of the channel 24 may decrease from the end 26 to the edge 28. The continual 
decrease from the end 26 to the edge 28 promotes increased liquid velocity as the liquid 
(such as ink and/or makeup fluid) moves from the end 26 to the edge 28. 

[21] Alternatively, the channel 24 may be formed such that it extends from an edge 30 
proximate the charge electrode 14 to the edge 28. Also, alternatively, the channel 24 may 
be formed such that it extends from a point further within the body of the ground plate 16 
to the edge 28. For example, the channel 24 may extend from a midpoint of the ground 
plate 16 to the edge 28. 

[22] Figure 4 illustrates a transverse cross-sectional view of the catcher 20 and the 
ground plate 16 along line 4-4 of Figure 3. Before and/or after a printing process, the 
catcher 20 and the ground plate 16 may be cleaned. In this respect, the print head 10 may 
automatically transition into a cleaning mode when not in a printing mode. For example, 
the catcher 20 and the ground plate 16 may be automatically cleaned when the ink jet 
printer is turned on, or before the ink jet printer is turned off. Alternatively, the 
components of the print head 10 may be intermittently cleaned while the ink jet printer is 
operative, e.g., between print cycles. The system may also be constructed to allow 
manual operation of the cleaning mode, e.g., via a user interface such as a switch or 
control panel. 
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[23] Before and/or after a printing mode or cycle, pressurized makeup fluid, i.e., 
cleaning solvent, is discharged into the channel 24. As the makeup fluid flows through 
channel, it picks up and washes out residue and ink deposits from the channel 24. The 
makeup fluid is sucked into a mouth 29 of the catcher 20 through the vacuum emanating 
through the catcher 20. Thus, the channel 24, the mouth 29 and the catcher passage (not 
shown) are cleaned as the makeup fluid passes therethrough. While the ground plate 16 
is shown as substantially planar, the ground plate 16 may include sides that are angled up 
from the channel 24. 

[24] Figure 5 illustrates an edge view of the ground plate 16 according to an alternative 
embodiment. The channel 24 may be the lowest portion of the ground plate 16 such that 
makeup fluid, ink, and other fluids may flow downwardly into the channel 24. As such, 
makeup fluid that is discharged onto the sides 31, 32 of the ground plate 16 may flow 
down in the directions of A and B toward the channel 24, by way of gravity, thereby 
cleaning the upper portions of the ground plate 16. 

[25] Figure 6 illustrates a schematic representation of a print head cleaning system for 
an ink jet printer. During the cleaning mode, makeup fluid is discharged from a makeup 
(i.e., solvent) supply system 36 through a makeup conduit 40. The makeup fluid then 
passes from the makeup conduit 40 into the channel 24 of the ground plate 16, as 
described above. The vacuum assisted catcher 20 then suctions the makeup fluid (along 
with the removed ink deposits and residue) through the mouth 29 and into a catcher 
passage 42. The fluid is then passed from the catcher passage 42 into a makeup conduit 
44. The fluid then flows through the makeup conduit 44 into the makeup (i.e., solvent) 
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return system 46. Optionally, the makeup conduit 44 may feed directly into the ink 
reservoir (not shown), as opposed to the solvent return system. The ink reservoir may 
include separate chambers for recycled ink and recycled makeup fluid. As discussed 
above, the above-described cleaning process may occur when the ink jet printer is 
initially powered on and/or before the ink jet printer is powered off. Alternatively, the 
cleaning process may occur intermittently between printing cycles. 

[26] Preferably, the makeup supply and return system 36 and 46 may be separate and 
distinct from the makeup supply and return systems used to supply makeup fluid for the 
drop generator 12. Optionally, the makeup supply and return systems 36 and 46 may be 
used to supply makeup fluid to clean the front face of the drop generator 12, as shown 
and described in United States Patent No. 6,5757,556, and to the ground plate 16, as 
discussed above. For example, a split conduit may be used to supply makeup fluid 
directly to the channel 24 of the ground plate 16 and the drop generator 12. In either 
case, makeup fluid is supplied directly to the channel 24 of the ground plate 16. 

[27] Figure 7 illustrates a schematic representation of a makeup fluid circulation 
system according to an embodiment of the present invention. The makeup supply system 
36 includes a pump 50 that draws the makeup fluid from a solvent makeup container 52, 
through a conduit 54, to the makeup conduit 40, and onto the channel 24 of the ground 
plate 16. Within the conduit 54, the makeup fluid may flow through a check valve 56, 
and may also flow through an alternative flow restrictor 58 connected in the makeup 
supply system 36. The flow restrictor 58 may be provided to regulate the flow of makeup 
fluid through adjustment of the solvent supply pressure. The makeup supply system 36 
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also includes a valve 60 for providing compressed air 62 through conduit 64 and to the 
pump 50. The pump 50 uses the compressed air 62 to force or push the makeup fluid 
through the makeup conduit 40 into the channel 24 of the ground plate 16. Alternatively, 
other known pumping systems that do not use compressed air may be used. 

[28] The makeup return system 46 has an ink pressure solenoid-activated valve 66 
(hereafter, referred to merely as ink pressure solenoid 66) connected through conduit 68 
to an ink pressure regulator 70, which in turn is connected to an ink pressure tank 72 
though conduit 74. The ink pressure tank 72 is also connected to main conduit 76 
through conduit 78. Ink pressure solenoid 66 also connects with a valve 80 through 
conduit 82. The valve 24 may connect to a conduit 84 that opens to the ink reservoir 86. 

[29] For the cleaning process (preferably before start-up, after shutdown or during 
maintenance operations), the ink supplied to the main conduit 76 is shut off by de- 
energizing the ink pressure solenoid 66 to de-pressurize the ink pressure tank 46, which 
turns off the ink stream. This permits used makeup fluid and residue ink from the 
channel 24 of the ground plate 16 and the catcher 20 to be placed in the ink reservoir 40. 
As the total amount of makeup fluid added to the ink system during cleaning is relatively 
small, ink composition control is substantially unaffected by the cleaning operation. 

[30] Shortly after ink pressure solenoid 66 is de-energized, valve 60 is energized. This 

allows compressed air 62 to flow through conduit 64 to air operated pump 50, which 

pumps the makeup fluid through conduit 54 and check valve 56. Check valve 56 is of 

sufficient opening or cracking pressure to keep the makeup conduit 40 clear of low 

pressure liquid and to prevent reverse or back flow. From conduit 54, the makeup supply 
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system 36 supplies makeup fluid under pressure to the channel 24 of the ground plate 16 
through makeup conduit 40. The flow of makeup fluid through the channel 24 of the 
ground plate 16 may be uniform, or pulsating. The type of flow depends on its supply 
pressure mechanism. For example, different pump restrictions or pump control systems 
can provide either uniform or pulsed fluid pressures, thus providing either uniform or 
pulsating makeup fluid flow. 

[31] While the flow of makeup fluid dissolves residue, ink accumulations and any 
other particles in the channel 24 and catcher 20, the makeup fluid is suctioned into 
makeup conduit 44 to the makeup return system 46. After a predetermined cleaning time, 
valve 60 is de-energized to stop the flow of compressed air 62 and turn off pump 50, 
thereby stopping the flow of makeup fluid. 

[32] Optionally, the makeup return system 46 may not include any ink related 
components and may, instead, include only components to receive makeup fluid and 
recycle the makeup fluid. Also, alternatively, the system may not be connected to the 
main conduit 76. Further, the conduits 78 and 40 may include split portions that allow 
makeup fluid to pass to the ground plate 16 and the drop generator 12. 

[33] Alternatively, embodiments of the present invention may provide a direct 

connection between the makeup supply system 36 and the catcher 20. For example, a 

conduit may extend from the makeup supply system directly to the mouth of the catcher 

20. The mouth 28 of the catcher 20 would receive makeup fluid from the conduit and ink 

deposits from the drop generator. In other words, while a conduit may connect to the 

mouth 28, the mouth 28 is still open to receive ink deposits. 
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[34] Thus, embodiments of the present invention provide a print head for an ink jet 
printer that automatically and efficiently cleans components of the print head, such as the 
ground plate and the catcher. As such, interruptions due to manual cleaning of these 
components are reduced or eliminated. 

[35] While the invention has been described with reference to certain embodiments, it 
will be understood by those skilled in the art that various changes may be made and 
equivalents may be substituted without departing from the scope of the invention. In 
addition, many modifications may be made to adapt a particular situation or material to 
the teachings of the invention without departing from its scope. Therefore, it is intended 
that the invention not be limited to the particular embodiment disclosed, but that the 
invention will include all embodiments falling within the scope of the appended claims. 
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